Isomeric transition
Introduction
The ions, they can scavenge these species before they are oxidized back to pertechnetate by traces or oxygen and/or water. In recent years, the complexes of Tc(V) with these ligands have been synthesized [2] [3] [4] [5] [6] , and they are known to be stable.
Experimental
The 2,3,2-tet, cis [14] ane N, S 2 and cyclam ligands were kindly provided by the Institutes of Inorganic Chemistry, the first from ΕΤΗ-Zürich and the others from Basel. Analytical grade calcium glucoheptonate (Fluka) was used without further purification.
Preparation of 95m Tc0;
The 9sm Tc was obtained by irradiation of molybdenum powder with 25 MeV protons in the SIN cyclotron at Villigen, Switzerland. The target was dissolved in 30% Η,Ο, using a reflux system and 9sm Tc was separated as Tc0 4 by several extractions with MEK from a basic (KOH) solution [7] , The ligand solution of known concentration and pH was added to the solution of K 9sm Tc0 -and sparged with nitrogen gas. The 9sm Tc activity (5 MCi) was kept constant in all samples. Generally the pH was adjusted with phosphate buffer solutions. For pH values lower than 4 or higher than 11, adjustment was made with 0.1 Μ H 3 P0 4 and 0.1Μ NaOH respectively. The concentrated solutions (Ο ΙΟ" 2 M) of cis[14]aneN 2 S, -2HC1 atpH9.5 were prepared with 0.1Μ NaOH. A solution of 5 X 10" 2 Μ glucoheptonate in water (pH = 5.8) was used in the experiments.
Labelling with 99m Tc
Labelling was performed in a penicillin vial containing an aqueous ligand solution to which were added successively a phosphate buffer (pH 5 -10), the 9,m Tc activity (3 mCi) in physiological saline (generator eluate) solution and SnCl, in 0.1 Μ HCl [2] [3] [4] [5] [6] . Values of pH lower than 4 or higher than 11.5 were obtained by addition of 0.1 Μ HCl or 0.1 Μ NaOH respectively. The labelling of the glucoheptonate with 99m Tc was accomplished using 5 X 10" 1 Μ glucoheptonate at pH 5.8 in the presence of a large excess of SnCl, [4] .
Separation procedure
The separation of the technetium species was achieved by high voltage electrophoresis with Schleicher-Schüll paper N° 2040 Β and 0.05 Μ or 0.1 Μ phosphate buffer at pH 8.5 as supporting electrolyte. For samples at pH 4, the electrolyte 0.05 Μ NaH, P0 4 was used. A voltage of 2000 V was applied for 30 min. For samples of 9sm Tc the paper was cut into small pieces before activity was measured.
Activity measurements 99tn Tc (Γ1/2 = <>h) was measured with a TLC linear analyser; the system consisted of a 3"X 3" NaI(Tl) detector arranged to scan the electrophoresis paper (velocity: 2-5 cm/min); the data were collected on a HP 86B computer for further processing. 9 TcC>4 with Sn 2+ in the presence of the same ligands at pH = 11.5 leads to the formation of 96% [Tc0 2 L] + , 3% cation "X" and 1% neutral product. At lower pH, the yield of the latter increases whereas the proportion of cation "X" does not change significantly. The highest yield (10%) of the latter species is found at pH 4. + complex and this is reflected in the decrease of the 9Sg Tc04 yield; the total amount of cation "x" and uncharged species is not significantly affected.
The distribution of 9 Sg Tc-chemical species as a function of cyclam concentration at pH 11.0 is shown in Fig. 2 . The comparison of Fig. 1 and 2 (Fig. 4) . + are higher than 90% when the synthesis is performed at pH 11, but they decreases at lower pH. These findings are apparently in disagreement with the results presented in Fig. 4 TcC>4. The lower stability of Tc-dioxocomplexes at high pH explains the results presented in Fig. 4 TcC>4 with SnCl 2 is shown in Fig. 5 . The same complex yield is obtained up to pH 7 in both cases. Above pH 7, the difference in the behaviour of the two complexes (curves 1 and 2) appears to be due to the differences in the ageing of complex solutions. The storage of the products obtained by I.T. is much longer than that of products resulting from the reduction process; in the latter case, the storage is limited by the halflife of 99m Tc. Nevertheless, it can be seen that even after one day the complex yield decreases in solutions of pH higher than 10. The fact that the cationic complexes Table 2 . At low pH, besides the 9Sg TcC>4, only uncharged and cation "X" are formed and at high pH, all species are practically oxidized to TCO4. An interesting result is that, at pH 4.5 and 7, the oxydation of 99m Tc-species to 99m TcO; does not occur.
The effect of oxygen on the chemical distribution of 95B Tc is shown in Table 3 . The 95g Tc distribution in a solution of cyclam is much less affected by oxygen than in 2,3,2-tet solution. The complex formed with 2,3,2-tet is expected to be less stable than with cyclam because of the increasing number of chelating rings and of the macrocyclic effect in the latter.
On the bases of available data, it appears that dioxo complexes of 99m Tc(V) are formed with neutral ligands whereas with negatively charged ligands, five-coordinated monooxo complexes are formed. As a consequence, the glucoheptonate has been used as scavenger for the 95g Tc0 3+ species. The results of 95m Tc decay in 95 ""TcO^/glucoheptonate are shown in Fig. 6 . For comparison, the proportions of 99m Tc-species formed by the reduction of 99m Tc04 with SnCl2 in presence of glucoheptonate are also given. The 9Sg Tc species are the same as those resulting from the reduction of 99m TcOi. They show the same electrophoretic migration and the same behaviour with respect to the pH of the solution and to the concentration of the ligand. The [TcObis(glucoheptonate)]" is formed in high yield, 90% and 73% with 99m Tc and 9Sg Tc respectively. The value of 9Sg Tc retention is ca. 22%. which can also be written In this study the I. T. appears to produce 9Sg Tc(V)C>2 or 95g Tc(V)0 3+ species which are liable to the scavenging by organic ligands. The isomeric transition is highly internally converted (a = 7 χ 10 4 [8] ); it is expected that many, if not all, of the events would lead to the fragmentation of the parent molecule. The precise mode of formation and the identity of the precursors of 95g Tc species in solutions are not known. All these results suggest that the Auger cascade leads in most events 95g Tc with an oxidation state of +4 or less. An efficient reaction reconverting the reduced 9sg Tc species to TCO4, in absence of appropriate scavengers, occurs. It is reasonable to assume the participation of oxidizing radiolytic products (OH*, HO2 ) in this process. The majority (three or four) of the Auger electrons have kinetic energies less than 2 keV [9] , so that there will be a localized radiolysis of the aqueous medium in the close vicinity of the nascent 9Sg Tc. If the ligand molecules are inside the radiolytic zone they have a chance to prevent the 95g Tc to react with the oxidizing products. However, as the diffusion rate of the ligand molecule is lower than that of the OH* radical the efficiency of the Tc interaction with the ligand will be determined by the distance between them. Considering spherical molecules, this mean distance is given by At a concentration of 1.3 x 10M, corresponding to a mean distance of 29 A, ca. 80% of the 9Sg Tc(V) is protected via complexation by the ligand. The dimensions of the reduced technetium ion and of the ligand molecule cannot be estimated. However, the results suggest that both the 95g Tc(V) ion radius and the ligand equivalent radius should be close to 14.5 Ä.
The fate of the 9Sg Tc will be determined by the complexing properties and the concentration of the ligand and by the 9Sg Tc-complex stability. As the cation "X" and the neutral product are formed essentially at low pH the Tc in +4 oxidation state in these species can not be excluded. Unfortunately, neither the structure nor the oxidation state of Tc have been determined at this time. Our work on the isolation of 99 Tc-complexes from dilute acid solution and their characterization is now in progress.
